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parent semiconductor epilayer defining a ridge disposed
between etched epilayer edges, the epilayer being disposed
over the UV transparent semiconductor substrate, and a UV
opaque metal layer disposed over the epilayer ridge, applying
at least one photoresist layer (positive photoresist, image
reversal photoresist, or negative photoresist) over the opaque
metal layer and epilayer edges, and selectively developing
regions of the photoresist layer via backside exposure to UV
light with the opaque metal layer used as a photolithographic
mask.

18 Claims, 9 Drawing Sheets
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METHODS OF FABRICATING METAL
CONTACT STRUCTURES FOR LASER
DIODES USING BACKSIDE UV EXPOSURE

BACKGROUND

The present invention 1s generally directed to metal contact
structure fabrication for laser diodes, and 1s specifically
directed to methods of fabricating a metal contact over aridge
of a laser diode using backside UV photolithography.

SUMMARY

The present inventors have recogmized that registration
error 1 index-guided laser diode fabrication between the
patterns on the semiconductor water and the mask patterns
can lead to current leakage as a result of misalignment
between the p-contact metal on the ridge top and the contact
opening.

According to one embodiment of the present invention, a
method of fabricating a metal contact structure for a laser
diode that eliminates registration error 1s provided. The
method comprises providing a UV transparent semiconduc-
tor substrate, a UV transparent semiconductor epilayer defin-
ing a ridge disposed between etched epilayer edges, wherein
the epilayer 1s disposed over the UV transparent semiconduc-

tor substrate. A UV opaque metal contact layer 1s also pro-
vided over the epilayer rnidge. The method further comprises
the steps of applying at least one positive photoresist layer
over the opaque metal contact layer and epilayer edges, and
selectively developing the regions of the positive photoresist
layer disposed over the epilayer edges by backside exposure
to UV light. With backside UV exposure, the UV light 1s first
delivered through the bottom surface of the UV transparent
semiconductor substrate. The opaque metal contact layer
facilitates the selective development by preventing regions of
the positive photoresist layer disposed over the opaque metal
from being exposed to UV light. The method also comprises
the steps of removing the developed photoresist regions over
the epilayer edges, applying a dielectric layer over the unde-

veloped photoresist regions and the epilayer edges, removing,
undeveloped photoresist regions and the portion of the dielec-
tric layer disposed over the undeveloped photoresist regions;
and forming the metal contact structure by applying a metal
layer over the dielectric layer and the opaque metal contact
layer.

In another embodiment, another method of fabricating a
metal contact structure for laser diode using an 1image reversal
photoresist layer 1s provided. The method comprises applying,
a UV transparent dielectric layer over the opaque metal con-
tact layer and the epilayer edges, and applying at least one
image reversal photoresist layer over the UV transparent
dielectric layer, and selectively developing the regions of the
image reversal photoresist layer disposed over the epilayer
edges by backside exposure to UV light. The method also
includes the steps of stabilizing developed photoresist regions
over the epilayer edges by photoresist baking, and then selec-
tively developing the regions of the image reversal photoresist
layer disposed over the opaque metal by exposing a top sur-
face of the image reversal photoresist layer to UV light. The
photoresist baking step disables the UV light sensitivity of the
photoresist region over the epilayer edges. Moreover, the
method mcludes the steps of removing developed photoresist
regions over the opaque metal contact layer, removing the
photoresist regions over the epilayer edges, and forming the
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metal contact structure on the ridge for laser diode by apply-
ing a metal layer over the dielectric layer and the opaque
metal contact layer.

According to yet another embodiment, a method of fabri-
cating a metal contact structure for a laser diode using a
negative photoresist 1s provided. The method comprises
applying a UV transparent dielectric layer over the opaque
metal contact layer and the epilayer edges, applying at least
one negative photoresist layer over the UV transparent dielec-
tric layer, and selectively developing the regions of the nega-
tive photoresist layer disposed over the opaque metal contact
layer by limiting backside exposure of UV light to the pho-
toresist regions over the epilayer edges and subsequent pho-
toresist baking. The method further comprises removing
developed photoresist regions over the opaque metal laver,
removing undeveloped photoresist regions over the epilayer
edges, and forming the contact structure for the laser diode by
applying a metal layer over the dielectric layer and the opaque
metal layer.

These and additional features provided by the embodi-
ments of the present invention will be more fully understood
in view of the following detailed description, 1n conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of specific embodi-
ments of the present invention can be best understood when
read in conjunction with the drawings enclosed herewith. The
drawing sheets include:

FIGS. 1A to 1H 1illustrates the process of fabricating a
metal contact structure for a laser diodes by utilizing a posi-
tive photoresist layer 1n conjunction with backside UV expo-
sure, according to one or more embodiments of the present
invention;

FIGS. 2A to 21 1llustrates the process of fabricating a metal
contact structure for a laser diodes by utilizing an i1mage
reversal photoresist layer in conjunction with backside UV
exposure, according to one or more embodiments of the
present invention;

FIGS. 3A to 3H illustrates the process of fabricating a
metal contact structure for a laser diodes by utilizing a nega-
tive photoresist layer in conjunction with backside UV expo-
sure, according to one or more embodiments of the present
ivention.

The embodiments set forth 1n the drawings are illustrative
in nature and not mtended to be limiting of the invention
defined by the claims. Moreover, individual features of the
drawings and the invention will be more fully apparent and
understood 1n view of the detailed description.

DETAILED DESCRIPTION

The present invention 1s directed to a method of fabricating
a metal contact structure over a ridge of a laser diode by
utilizing a photon sensitive photoresist layer over a UV
opaque metal contact, which 1s formed over a UV transparent
waler.

As used herein, “wafer” refers to the UV transparent semi-
conductor substrate 1, the epilayer 2, and may also include
other suitable layers familiar to one of ordinary skill in the art.
Further as used herein, “over” means that one layer 1s applied
on, but not necessarily directly on another layer. In the present
invention, the addition of intervening layers, for example,
cladding layers 1s contemplated herein. Furthermore, the term
“over” does not require that the layer cover the entire surface,
any may only include partial coverage. The photoresist layer
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1s exposed from the backside of the water so that the photo-
resist pattern can exactly follow the pattern of the opaque
metal, which 1s utilized as the photolithographic mask.
Although the present application focuses on UV as the light
source utilized to deliver the photons to the photoresist layers,
it 1s contemplated that infrared, microwave and other suitable
light sources would be feasible alternatives to UV light. Pro-
cesses according to various embodiments of the present
invention can be used to fabricate metal contact structures for
narrow ridge lasers on transparent substrates, e.g. III-N sub-
strate, while eliminating registration error. Moreover, meth-
ods according to various embodiments of the present mnven-
tion may be used to fabricate contact metal layer on a narrow
ridge for lasers diodes with edge widths less than about 2 um,
although the concepts of the present invention are applicable
to fabrication of opaque layers with a variety of larger and
smaller dimensions.

Referring to the positive photoresist embodiment of FIGS.
1A-1H, a UV transparent semiconductor substrate 1 1s pro-
vided, and at least one UV transparent epilayer 2 1s formed
thereon. For example, and not by way of limitation, the UV
transparent semiconductor substrate 1 may comprise sap-
phire, gallium nitride, aluminum nitride, silicon carbide, or
combinations thereof, and the UV transparent epilayer 2 may
comprise an AlGalnN alloy. Other suitable UV transparent
compositions are also contemplated for the substrate 1 and/or
the epilayer 2. As shown 1n FIG. 1A (also in FIGS. 2A and
3A), aUV opaque metal layer 3 1s deposited on the epilayer 2.
The UV opaque metal layer 3 may comprise any opaque
metal, e.g., Pd, Pt, Au, Ni, or combinations thereof. In addi-
tion to metals, other opaque compositions, such as opaque
ceramics or polymers, are also considered feasible. Depend-
ing on the metal material used, the opaque metal layer 3 may
comprise a variety of thicknesses. In a few exemplary
embodiments, the opaque metal 3 may comprise Pd, Pt, Au, or
N1 with thicknesses of 50 nm, 100 nm, 250 nm, or 100 nm,
respectively.

After the deposition of the opaque metal 3, an etching step
may be conducted to form the upper ridge and the etched
edges as shown 1n FIG. 1B (also FIGS. 2B and 3B). As used
herein, the “edges™ are the etched cutout regions 1n the epil-
ayer 2, whereas the “ridge” 1s the upper surface of the non-
etched region of the epilayer 2. The etching may include wet
or dry etching (for example, reactive 1on beam etching,
chemical assistant 1on beam etching or inductively coupled
plasma etching). As shown in the embodiment of FI1G. 1B, the
opaque metal layer 3 may be disposed on the ridge. After the
ridge 1s formed 1in FIG. 1B, a positive photoresist 4 1s applied
(for example, by spin coating) on top of the epilayer 2 edges
and the opaque metal layer 3 as shown in FIG. 1C. The portion
of the photoresist that 1s exposed to UV light becomes soluble
to a photoresist developer and the unexposed portion of the
photoresist 1s insoluble to a photoresist developer. One
example of a suitable positive photoresist material 1s the AZ®
4210 positive photoresist material manufactured by AZ Elec-
tronic Matenals Corp.

FIG. 1D depicts the positive photoresist layer 4 undergoing,
backside exposure photolithography. In this process, the UV
1s delivered through the bottom surface of the UV transparent
substrate 1, the UV transparent epilayer 2, and then into the
photoresist layer 4. The opaque metal layer 3 acts as a pho-
tolithographic mask, which prevents the positive photoresist
4 region over the opaque metal layer 3 from recerving the
photon energy. As a result, this positive photoresist 4 region
over the opaque metal layer 3 cannot be developed. However,
the positive photoresist 4 region over the epilayer 2 receives
photon energy via exposure to UV light, thus it 1s developed.
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As used herein, “developed” means that a photoresist portion
1s made soluble to a photoresist developer, whereas “unde-
veloped” means a photoresist portion is imsoluble to a photo-
resist developer.

Referring to FIG. 1E, the developed region of the positive
photoresist layer 4 1s removed by the addition of a developer
solution. The developed photoresist regions dissolve in the
developer solution and are then flushed away, whereas the
undeveloped regions are msoluble 1n the developer solution.
Consequently, the developer solution must be capable of dis-
solving the developed regions while not dissolving the unde-
veloped regions. Examples of a suitable positive photoresist
developer are the AZ400K, and AZ421K developers manu-
factured by AZ Electronic Matenals Corp. Referring to FIG.
1E, only the undeveloped photoresist 4 regions over the
opaque metal 3 1s still present after the developed photoresist
region 1s removed by the developer solution.

Subsequently, as shown 1n the embodiments of FIG. 1F, a
dielectric layer 5, for example, UV transparent S10, or S1;N,,
can be applied over the remaining photoresist 4 and epilayer
2. The dielectric layer 5 may be applied through various
conventional or yet to be developed processes. For example,
and not by way of limitation, the dielectric layer 5 1s applied
by means of vapor deposition or by sputtering as a passivation
layer. Referring to FIG. 1G, the remaining photoresist 4
region and the dielectric layer 5 thereon may be removed by
using a photoresist stripper solution. The photoresist stripper
1s a solvent which dissolves the undeveloped photoresist
regions, and, 1n addition, may remove any remaining devel-
oped photoresist material or organic residue. Suitable photo-
resist stripper compositions may include a variety of organic
and 1organic solvents such as acetone or AZ400T manufac-
tured by AZ Flectronic Materials Corp. As the undeveloped
photoresist regions dissolve, the dielectric layer 5 over the
photoresist regions may be removed. This removal process
may sometimes be called “liftofl™.

Referring to FIG. 1G, the opaque metal layer 3 1s now
exposed. As shown in FIG. 1H, a top metal layer 6 may then
be applied over the opaque metal layer 3 and dielectric layer
5 to complete the fabrication of the metal contact structure
over a ridge of a laser diode. The top metal layer 6 may
comprise titanium, gold, palladium, platinum, nickel, and
combinations thereof.

Reterring to FIG. 2A-FIG. 21, the ridge laser diode may be
fabricated using image reversal photoresist 14. After the ridge
and etched edges are formed as shown in FIG. 2B, a dielectric
layer 5, for example, S10, or S1,N,, can be deposited by
means of vapor deposition or sputtering as shown in FI1G. 2C.
Referring to FIG. 2D, a layer of image reversal photoresist 14
1s spin-coated on the dielectric layer 3. The image reversal
photoresist 14 may comprise various materials, for example,
AZ5214E and AZ5218E, which are distributed by AZ Elec-
tronic Materials Corp.

Reterring to FIG. 2E, backside exposure photolithography
1s conducted. The region of the image reversal photoresist 14
over the epilayer 2 edges recerves the photon energy and 1s
stabilized. Subsequently, the method uses a photoresist bak-
ing step, which disables the photon sensitivity of the UV
exposed photoresist region over the epilayer 2 edges as well
as stabilizes this region. Alter the baking step, the photoresist
layer 14 1s exposed to UV light from 1ts top surface, as shown
in FIG. 2F. Because the baking step disabled the photon
sensitivity of the photoresist region over the epilayer 2 edges,
only the photoresist 14 region over the opaque metal 3 1s
developed dueto UV exposure. At which point, the developed
photoresist 14 region over the opaque metal 3 1s dissolved in
a developer solution and removed, and consequently, a win-
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dow above the opaque metal 1s opened, as shown 1n FIG. 2G.
The developer solution may comprise AZ 400K, AZ 351B
manufactured by AZ Electronic Materials Corp, as well as
other suitable conventional or yet to be discovered develop-
ers.

Referring to FIG. 2H, an etching step may be conducted to
remove the dielectric layer 5 over the opaque metal 3. The
remaining photoresist 14 regions over the epilayer 2 edges are
removed by addition of a photoresist stripper as described
above. Referring to FIG. 21, a metal layer 6 1s deposited over
the opaque metal 3 and dielectric layer 5 to finish the fabri-
cation of the metal contact structure of the laser diode.

Referring to FIG. 3A through FIG. 3H, a method of fabri-
cating a metal contact structure using a negative photoresist
layer 1s provided. After the rndge and etched edges are formed
in the epilayer 2 as shown 1n FIG. 3B, a dielectric layer 5 1s
deposited as shown 1n FIG. 3C. Then, as shown in FIG. 3D, a
layer of negative photoresist 24 1s applied via spin-coating. A
negative resist 1s a photoresist, wherein the portion of the
photoresist that 1s exposed to light becomes relatively
insoluble to a photoresist developer, whereas the unexposed
portion of the photoresist 1s dissolved by a photoresist devel-
oper. Suitable negative photoresists may include, but are not
limited to, Futurrex NR7-1000P negative photoresist manu-
factured by Futurrex Inc. Referring to FIG. SE, backside
exposure photolithography 1s then conducted. The negative
photoresist 24 region over the epilayer 2 edges 1s exposed to
UV and 1s not developed, whereas the photoresist 24 region
over the opaque metal 3 1s not exposed to UV and 1s devel-
oped. In a further embodiment the present method may use a
photoresist baking step to stabilize the UV exposed photore-
s1st region over the epilayer 2 edges. The developed photore-
s1st 24 region over the opaque metal 1s then dissolved in the
presence of a developer solution. The developer solution for
the negative photoresist 24 may comprise Futurrex RD6
manufactured by Futurrex Inc. as well as other suitable con-
ventional or yet to be discovered developers. FIG. 3F illus-
trates that a window above the opaque metal 3 1s opened after
the removal of the developed photoresist 24 region. In FIG.
3@, an etching step 1s conducted to remove the dielectric layer
5 over the opaque metal 3. Finally, the photoresist 24 over the
epilayer 2 edges 1s removed (e.g., through a photoresist strip-
per) and another thick metal layer 6 1s deposited to finish the
fabrication of the metal contact structure, as shown 1n FIG.
3H.

Having described the invention in detail and by reference to
specific embodiments thereot, 1t will be apparent that modi-
fications and variations are possible without departing from
the scope of the mvention defined 1n the appended claims.
More specifically, although some aspects of the present
invention are identified herein as preferred or particularly
advantageous, 1t 1s contemplated that the present invention 1s
not necessarily limited to these preferred aspects of the inven-
tion.

What 1s claimed 1s:

1. A method of fabricating a metal contact structure for a
laser diode comprising;:

providing a UV transparent semiconductor substrate, a UV

transparent sesmiconductor epilayer defining an epilayer
ridge disposed between etched epilayer edges, the epil-
ayer being disposed over the UV transparent semicon-
ductor substrate, and a UV opaque metal layer disposed
over the epilayer ndge;

applying at least one positive photoresist layer over the UV

opaque metal layer and epilayer edges;

selectively developing the regions of the positive photore-

sist layer disposed over the epilayer edges by backside
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exposure to UV light, the UV light being first delivered
through the bottom surface of the UV transparent semi-
conductor substrate, wherein the UV opaque metal layer
prevents regions of the positive photoresist layer dis-
posed over the UV opaque metal from exposure to UV
light thereby the photoresist regions over the UV opaque
metal layer are undeveloped;

removing the developed photoresist regions over the epil-
ayer edges;

applying a dielectric layer over the undeveloped photore-
sist regions, and the epilayer edges;

removing the undeveloped photoresist regions and the por-
tion of the dielectric layer disposed over the undevel-
oped photoresist regions; and

forming the metal contact structure of the laser diode by
applying a metal layer over the dielectric layer and the
UV opaque metal layer.

2. A method according to claim 1 wherein the epilayer
edges are etched by reactive 1on beam etching, chemical
assistant 1on beam etching, inductively coupled plasma etch-
ing, or combinations thereof.

3. A method according to claim 1 wherein the UV trans-
parent semiconductor substrate comprises sapphire, galllum
nitride, aluminum nitride, silicon carbide, or combinations
thereof.

4. A method according to claim 1 wherein the UV trans-
parent semiconductor epilayer comprises an AlGalnN alloy.

5. A method according to claim 1 wherein the UV opaque
metal layer comprises platinum, palladium, gold, nickel, or
combinations thereof.

6. A method according to claim 1 wherein the UV opaque
metal layer comprises a width of less than about 2 um.

7. A method according to claim 1 wherein the metal layer
over the dielectric layer and the UV opaque metal layer com-
prises gold, palladium, platinum, nickel, and combinations
thereof.

8. A method according to claim 1 wherein the dielectric
layer 1s applied via vapor deposition, sputtering, or combina-
tions thereol.

9. A method according to claim 1 wherein the dielectric

layer comprises silicon oxide, silicon nitride, or combinations
thereof.

10. A method according to claim 1 wherein the developed
photoresist regions are removed by dissolving in a photoresist
developer solution and the undeveloped photoresist regions
are removed by dissolving 1n a photoresist stripper solution.

11. A method according to claim 1 wherein the positive
photoresist layer 1s applied via spin coating.

12. A method of fabricating a metal contact structure for a
laser diode comprising:

providing a UV transparent semiconductor substrate, a UV
transparent sesmiconductor epilayer defiming an epilayer
ridge disposed between etched epilayer edges, the epil-
ayer being disposed over the UV transparent semicon-
ductor substrate, and a UV opaque metal layer disposed
over the epilayer ridge;

applying a UV transparent dielectric layer over the opaque
metal layer and the epilayer edges;

applying at least one image reversal photoresist layer over
the UV transparent dielectric layer;

selectively developing the regions of the image reversal

photoresist layer disposed over the epilayer edges by

backside exposure to UV light, the UV light being first
delivered through the bottom surface of the UV trans-
parent semiconductor substrate, wherein the opaque
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metal layer prevents regions of the image reversal pho-
toresist disposed over the opaque metal from exposure to
UV light;

stabilizing developed photoresist regions over the epilayer
edges by photoresist baking;

selectively developing the regions of the image reversal
photoresist layer disposed over the UV opaque metal by
exposing a top surface of the image reversal photoresist

layer to UV light, wherein the photoresist baking step
disables the UV light sensitivity of the photoresist region

over the epilayer edges, thereby the photoresist regions
over the epilayer edges are undeveloped;

removing developed photoresist regions over the opaque

metal layer;

removing the undeveloped photoresist regions over the

epilayer edges; and

forming the metal contact structure of the laser diode by

applying a metal layer over the dielectric layer and the
opaque metal layer.

13. A method according to claim 12 further comprising
ctching the portion of the dielectric layer over the opaque
metal layer.

14. A method according to claim 12 wherein the developed
photoresist regions are removed by dissolving 1n a photoresist
developer solution and the undeveloped photoresist regions
are removed by dissolving 1n a photoresist stripper solution.

15. A method of fabricating a metal contact structure for a
laser diode comprising:

providing a UV transparent semiconductor substrate,a UV
transparent semiconductor epilayer defining an epilayer
ridge disposed between etched epilayer edges, the epil-
ayer being disposed over the UV transparent semicon-
ductor substrate, and a UV opaque metal layer disposed
over the epilayer ridge;
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applying a UV transparent dielectric layer over the UV

opaque metal layer and the epilayer edges;

applying at least one negative photoresist layer over the UV

transparent dielectric layer;

selectively developing the regions of the negative photore-

sist layer disposed over the UV opaque metal layer by
limiting backside exposure of UV light to the photoresist
regions over the epilayer edges, the UV light being first
delivered through the bottom surface of the UV trans-
parent semiconductor substrate, wherein the UV opaque
metal layer prevents regions of the negative photoresist
layer disposed over the UV opaque metal from exposure
to UV light, thereby the negative photoresist regions
over the epilayer edges are undeveloped and the negative
photoresist regions over the UV opaque metal layer are
developed;

removing developed photoresist regions over the UV

opaque metal layer;

removing undeveloped photoresist regions over the epil-

ayer edges; and

forming the metal contact structure on the ridge for the

laser diode by applying a metal layer over the dielectric
layer and the UV opaque metal layer.

16. A method according to claim 135 further comprising
etching the portion of the dielectric layer over the UV opaque
metal layer.

17. A method according to claim 15 wherein the developed
photoresist regions are removed by dissolving in a photoresist
developer solution and the undeveloped photoresist regions
are removed by dissolving 1n a photoresist stripper solution.

18. A method according to claim 15 further comprising
stabilizing the undeveloped regions over the epilayer edges
by photoresist baking.
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